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[0001] This application claims the benefit of priority to U.S. Provisional Appl. 

No. 60/439,461, filed January 13, 2003, which is incorporated in its entirety 
herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates generally to communications networking 

and more specifically to synchronizing bit-rate sampled data transmissions in a 
communications network. 

Related Art 

[0003] Advances in Voice over Internet Protocol (VOIP) technology and systems 

have resulted in VoIP telephony becoming the technology of choice for many 
telephony carriers. In VoIP systems, digital signal processors are used to digitize 
voice calls by taking periodic samples of the traffic. These samples are then 
applied to an analog to digital converter. The digitized samples are then arranged 
into a packet. In a cable modem system, these packets are further processed by 
the media access controller (MAC) of a cable modem for eventual transmission 
through the network. 

[0004] Timing or latency issues are important for voice applications in a packet 

based transportnetwork. In order to minimize latency, some applications provide 
an indication of transmission bandwidth availability to the VoIP processing agent. 
In this way, the VoIP processing agent is able to synchronize its operation with 
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the expected availability of transmission bandwidth. A method for providing 
such an indication is described in commonly owned U.S. Patent Application No. 
09/501,850, filed February 10, 2000, now pending, and is incorporated by 
reference herein in its entirety. The method described in the above application, 
however, relies upon a parallel style interface. More specifically, the interface 
relies upon multiple pins to convey signals to the VoIP processing agent. For 
example, in the case where a bandwidth grant is received, five pins might be 
required to communicate the vector identifying the queue for which the grant has 
been issued. A parallel interface works well where the cost of multiple parallel 
signals is not an issue, such as in a large ASIC where both the DOCSIS MAC and 
VoIP processing agent are integrated. However, as the voice product market 
changes and expands, configurations of products have emerged where the 
DOCSIS MAC and voice processing agents are distributed into separate 
integrated circuits. Despite the distributed functionality, it is still necessary to 
provide packet sync information between the MAC integrated circuits and the 
VoIP processing agent integrated circuits. 
[0005] Therefore, in order to minimize the cost of such integrated circuits, a need 

exists to reduce the number of pins on each device. More specifically, a need 
exists for a serial encoding protocol which allows packet sync information to be 
conveyed via a single pin on each integrated circuit. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention solves the above problems by providing methods 

and systems for communicating transmission bandwidth availability via a serial 
interface, hereafter referred to as serial packet synchronization. A media access 
controller (such as, a cable modem) is provided to receive a grant. In response 
to receipt of the grant, the media access controller asserts a vector which 
represents the queue number (service flow) for which the grant was received, 
referred to as a packet sync vector. A serial packet sync encoder is used to 



-3- 



encode a serial packet sync datastream. The serial packet sync datastream is a bit 
sequence. In an embodiment, the serial packet sync datastream is made up of the 
packet sync vector and a unique preamble bit sequence that is preselected. In 
another embodiment, the serial packet sync datastream is made up of a non- 
unique bit sequence. Once the serial packet sync datastream has been encoded, 
a serial packet sync transmitter is used to transmit the serial packet sync 
datastream. In an embodiment, the serial packet sync transmitter is a shift 
register. In this way, the serial packet sync datastream can be transmitted using 
only a single data pin. The serial packet sync datastream is useful for providing 
an indication that an event, such as a grant arrival, has occurred. 

The serial packet sync datastream can be transmitted to any system or 
application for which receipt of an indication that an event has occurred is 
necessary or advantageous. For example, a voice processing system prepares 
voice data packets for transmission during designated grant opportunities. Thus, 
in an embodiment, a serial packet sync receiver is provided for receiving the 
serial packet sync datastream. The serial packet sync receiver is a shift register. 
In this way, the serial packet sync datastream can be received using only a single 
data pin. A preamble comparator is provided to compare the received serial 
packet sync datastream and the preselected preamble to determine if the two 
match. In cases where a match is made, the packet sync vector is written into a 
holding register. An interrupt could be issued in response to recording of the 
packet sync vector into the holding register. In a voice processing system, such 
an interrupt could be used to trigger operation of a digital signal processing 
application associated with the service flow indicated by the packet sync vector. 
Further features and advantages of the present invention, as well as the structure 
and operation of various embodiments of the present invention, are described in 
detail below. 
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BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0008] The accompanying drawings, which are incorporated herein and form part 

of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. 
[0009] FIG. 1 is a high level block diagram of a cable modem system configured 

for voice processing in accordance with embodiments of the present invention. 
[0010] FIG. 2 is a schematic block diagram of a cable modem termination system 

(CMTS) in accordance with embodiments of the present invention. 
[0011] FIG. 3 is a schematic block diagram of a cable modem in accordance with 

embodiments of the present invention. 
[0012] FIG. 4 illustrates an exemplary serial packet sync data stream in 

accordance with embodiments of the present invention. 
[0013] FIG. 5 is a schematic block diagram of a serial packet sync encoder in 

accordance with embodiments of the present invention. 
[0014] FIG. 6 is a schematic block diagram of a serial packet sync decoder in 

accordance with embodiments of the present invention. 
[0015] FIG. 7 is a flowchart of a method for performing serial packet encoding 

for synchronization in a voice processing system in accordance with embodiments 
of the present invention. 
[0016] FIG. 8 is a flowchart of a method for performing serial packet decoding 

for synchronization in a voice processing system in accordance with embodiments 
of the present invention. 
[0017] FIG. 9 illustrates an exemplary VoIP clock signal in accordance with 

embodiments of the present invention. 
[0018] The features, objects, and advantages of the present invention will become 

more apparent from the detailed description set forth below when taken in 
conjunction with the drawings in which like reference characters identify 
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corresponding elements throughout. In the drawings, like reference numbers 
generally indicate identical, functionally similar, and/or structurally similar 
elements. The drawings in which an element first appears is indicated by the 
leftmost digit(s) in the corresponding reference number. 



DETAILED DESCRIPTION OF THE INVENTION 

[0019] While the present invention is described herein with reference to 

illustrative embodiments for particular applications, it should be understood that 
the invention is not limited thereto. Those skilled in the art with access to the 
teachings provided herein will recognize additional modifications, applications, 
and embodiments within the scope thereof and additional fields in which the 
present invention would be of significant utility. 

A. Cable Modem System in accordance with Embodiments of the Present 
Invention 

[0020] FIG. 1 is a high level block diagram of an example cable modem system 

1 00 in accordance with embodiments of the present invention. The cable modem 
system 1 00 enables voice communications, video and data services based on a bi- 
directional transfer of packet-based traffic, such as Internet protocol (IP) traffic, 
between a cable system headend 102 and a plurality of cable modems 108 over 
a hybrid fiber-coaxial (HFC) cable network 1 10. In the example cable modem 
system 100, only two cable modems 108 are shown for clarity. In general, any 
number of cable modems 108 can be included in the cable modem system of the 
present invention. 

[0021] The cable headend 102 is comprised of at least one cable modem 

termination system (CMTS) 104. The CMTS 104 is the portion of the cable 
headend 1 02 that manages the upstream and downstream transfer of data between 
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the cable headend 102 and the cable modems 108, which are located at the 
customer premises. The CMTS 104 broadcasts information downstream to the 
cable modems 108 as a continuous transmitted signal in accordance with a time 
division multiplexing (TDM) technique. Additionally, the CMTS 104 controls 
the upstream transmission of data from the cable modems 108 to itself by 
assigning to each cable modem 108 short grants of time within which to transfer 
data. In accordance with this transmission bandwidth allocation, each cable 
modem 108 can only send information upstream as short burst signals during a 
transmission opportunity or grant allocated to it by the CMTS 104. 
[0022] As shown in FIG. 1 , the CMTS 1 02 further serves as an interface between 

the HFC network 1 1 0 and a packet-switched network 1 1 2, transferring IP packets 
received from the cable modems 108 to the packet-switched network 112 and 
transferring IP packets received from the packet-switched network 112 to the 
cable modems 108 when appropriate. In embodiments, the packet-switched 
network 112 comprises the Internet. 
[0023] In addition to the CMTS 1 04, the cable headend 1 02 can also include one 

or more Internet routers to facilitate the connection between the CMTS 104 and 
the packet-switched network 1 12, as well as one or more servers for performing 
necessary network management tasks. 
[0024] The HFC network 1 10 provides a point-to-multipoint topology for the 

high-speed, reliable, and secure transport of data between the cable headend 102 
and the cable modems 108 at the customer premises. As will be appreciated by 
persons skilled in the relevant art(s), the HFC network 1 10 can comprise coaxial 
cable, fiberoptic cable, or a combination of coaxial cable and fiberoptic cable 
linked via one or more fiber nodes. 
[0025] Each of the cable modems 108 operate as an interface between the HFC 

network 110 and at least one attached user device. In particular, the cable 
modems 108 perform the functions necessary to convert downstream signals 
received over the HFC network 1 1 0 into IP data packets for receipt by an attached 
user device. Additionally, the cable modems 1 08 perform the functions necessary 
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to convert IP data packets received from the attached user device, such as user 
devices 114 and 116, into upstream burst signals suitable for transfer over the 
HFC network 1 10. In the example cable modem system 100, each cable modem 
108 is shown supporting only a single user device for clarity. In general, each 
cable modem 108 is capable of supporting a plurality of user devices for 
communication over the cable modem system 1 00. User devices 1 1 4 and 1 1 6 can 
include personal computers, data terminal equipment, telephony devices, 
broadband media players, network-controlled appliances, or any other device 
capable of transmitting or receiving data over a packet-switched network. 
[0026] In the example cable modem system 1 00, cable modem 1 08 represents a 

conventional DOCSIS-compliant cable modem. In other words, cable modem 
108 transmits data packets to the CMTS 104 in formats that adhere to the 
protocols set forth in the DOCSIS specification. 
[0027] Furthermore, in the example cable modem system 100, the CMTS 104 

operates to receive and process data packets transmitted to it in accordance with 
the protocols set forth in the DOCSIS specification. The manner in which the 
CMTS 104 operates to receive and process data will also be described in further 
detail herein. 

B. Example Cable Modem System Components in Accordance with 
Embodiments of the Present Invention 

[0028] FIG. 2 depicts a schematic block diagram of an implementation of the 

CMTS 1 04 of cable modem system 1 00, which is presented by way of example, 
and is not intended to limit the present invention. The CMTS 104 is configured 
to receive and transmit signals to and from the HFC network 1 10, a portion of 
which is represented by the optical fiber 202 of FIG. 2. Accordingly, the CMTS 
104 will be described in terms of a receiver portion and a transmitter portion. 

[0029] The receiver portion includes an optical-to-coax stage 204, an RF input 

206, asplitter214,andapluralityofburstreceivers216. Reception begins with 
the receipt of upstream burst signals originating from one or more cable modems 
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by the optical-to-coax stage 204 via the optical fiber 202. The optical-to-coax 
stage 204 routes the received burst signals to the radio frequency (RF) input 206 
via coaxial cable 208. In embodiments, these upstream burst signals have 
spectral characteristics within the frequency range of roughly 5-65 MHz. 
[00301 The received signals are provided by the RF input 206 to the splitter 2 1 4 

of the CMTS 1 04, which separates the RF input signals into N separate channels. 
Each of the N separate channels is then provided to a separate burst receiver 216 
which operates to demodulate the received signals on each channel in accordance 
with either a Quadrature Phase Shift Key (QPSK) or 16-256 Quadrature 
Amplitude Modulation (QAM) technique to recover the underlying information 
signals. Each burst receiver 2 1 6 also converts the underlying information signals 
from an analog form to digital form. This digital data is subsequently provided 
to the headend media access control (MAC) 219. 
[0031] The headend MAC 219 operates to process the digital data in accordance 

with the DOCSIS specification. The functions of the headend MAC 219 can be 
implemented in hardware or in software. In the example implementation of 
FIG. 2, the functions of the headend MAC 2 1 9 are implemented both in hardware 
and software. Software functions of the headend MAC 219 can be stored in 
either the random access memory (RAM) 220 or the read-only memory (ROM) 
218 and executed by the CPU 222. The headend MAC 219 is in electrical 
communication with these elements via a backplane interface 221 and a shared 
communications medium 232. In embodiments, the shared communications 
medium 232 can comprise a computer bus or a multiple access data network. 
[0032] The headend MAC 219 is also in electrical communication with the 

Ethernet interface 224 via both the backplane interface 221 and the shared 
communications medium 232. When appropriate, Ethernet packets recovered by 
the headend MAC 219 are transferred to the Ethernet interface 224 for delivery 
to the packet-switched network 1 12 via a router. 
[0033] The transmitter portion of the CMTS 104 includes a downstream 

modulator 226, a surface acoustic wave (SAW) filter 228, an amplifier 230, an 
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intermediate frequency (IF) output 212, a radio frequency (RF) upconverter 210 
and the optical-to-coax stage 204. Transmission begins with the generation of a 
digital broadcast signal by the headend MAC 219. The digital broadcast signal 
can include data originally received from the packet-switched network 1 1 2 via the 
Ethernet interface 224. The headend MAC 219 outputs the digital broadcast 
signal to the downstream modulator 226 which converts it into an analog form 
and modulates it onto a carrier signal in accordance with either a 64-QAM or 
256-QAM technique. 

[0034] The modulated carrier signal output by the downstream modulator 226 

is input to the SAW filter 228 which passes only spectral components of the 
signal that are within a desired bandwidth. The filtered signal is then output to 
an amplifier 230 which amplifies it and outputs it to the IF output 212. The IF 
output 212 routes the signal to the RF upconverter 210, which upconverts the 
signal. In embodiments, the upconverted signal has spectral characteristics in the 
frequency range of approximately 54-860 MHz. The upconverted signal is then 
output to the optical-to-coax stage 204 over the coaxial cable 208. The optical- 
to-coax stage 204 broadcasts the signal via the optical fiber 202 of the HFC 
network 110. 

[0035] FIG. 3 depicts a schematic block diagram of an implementation of cable 

modem 108 of cable modem system 100, which is presented by way of example, 
and is not intended to limit the present invention. The cable modem 108 is 
configured to receive and transmit signals to and from the HFC network 1 10 via 
the coaxial connector 332 of FIG. 3. Accordingly, the cable modem 108 will be 
described in terms of a receiver portion and a transmitter portion. 

[0036] The receiver portion includes a diplex filter 302, an RF tuner 304, a SAW 

filter 306, and amplifier 308, and a downstream receiver 310. Reception begins 
with the receipt of a downstream signal originating from the CMTS 104 by the 
diplex filter 302. The diplex filter 302 operates to isolate the downstream signal 
and route it to the RF tuner 304. In embodiments, the downstream signal has 
spectral characteristics in the frequency range of roughly 54-860 MHz. The RF 
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tuner 304 downconverts the signal and outputs it to the SAW filter 306, which 
passes only spectral components of the downconverted signal that are within a 
desired bandwidth. The filtered signal is output to the amplifier 308 which 
amplifies it and passes it to the downstream receiver 310. Automatic gain 
controls are provided from the downstream receiver 310 to the RF tuner 304. 
[0037] The downstream receiver 310 demodulates the amplified signal in 

accordance with a 16-QAM to 1024-QAM technique to recover the underlying 
information signal. The downstream receiver 310 also converts the underlying 
information signal from an analog form to digital form. This digital data is 
subsequently provided to the media access control (MAC) 314. 
[0038] The MAC 314 processes the digital data, which can include, for example, 

Ethernet packets for transfer to an attached user device. The functions of the 
MAC 314 can be implemented in hardware or in software. In the example 
implementation of FIG. 3, the functions of the MAC 3 1 4 are implemented in both 
hardware and software. Software functions of the MAC 314 can be stored in 
either the RAM 322 or the ROM 324 and executed by the CPU 320. The MAC 
314 is in electrical communication with these elements via a shared 
communications medium 316. In embodiments, the shared communications 
medium can comprise a computer bus or a multiple access data network. 
[0039] The MAC 314 is also in electrical communication with the Ethernet 

interface 318 via the shared communications medium 316. When appropriate, 
Ethernet packets recovered by the MAC 314 are transferred to the Ethernet 
interface 318 for transfer to an attached user device. 
[0040] The transmitter portion of the cable modem 108 includes an upstream 

burst modulator 326, a low pass filter 328, a power amplifier 330, and the diplex 
filter 302. Transmission begins with the construction of a data packet by the 
MAC 3 1 4. The data packet can include data originally received from an attached 
user device via the Ethernet interface 318. In accordance with embodiments of 
the present invention, the MAC 314 can format the data packet in compliance 
with the protocols set forth in the DOCSIS specification or, when appropriate, can 
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format the data packet in compliance with a proprietary protocol that extends 
beyond those set forth in the DOCSIS specification, as will be described in 
further detail herein. The MAC 3 1 4 outputs the data packet to the upstream burst 
modulator 326 which converts it into analog form and modulates it onto a carrier 
signal in accordance with either a QPSK or 16-256 QAM technique. 
[0041] The upstream burst modulator 326 outputs the modulated carrier signal 

to the low pass filter 328 which passes signals with spectral characteristics in a 
desired bandwidth. In embodiments, the desired bandwidth is within the 
frequency range of approximately 5-65 MHz. The filtered signals are then 
introduced to the power amplifier 330 which amplifies the signal and provides it 
to the diplex filter 302. The gain in the power amplifier 330 is regulated by the 
burst modulator 326. The diplex filter 302 isolates the amplified signal and 
transmits it upstream over the HFC network 110 during a scheduled burst 
opportunity. 

C. Supporting Voice Data Transfer in Accordance with Embodiments of the 
Present Invention 

[0042] In an embodiment, the cable modem 108 is configured to receive and 

transmit voice data packets to and from the HFC network 1 10 via the coaxial 
connector 332 of FIG. 3. Accordingly, the cable modem 108 interfaces with a 
voice over Internet Protocol (VoIP) processor 336. VoIP processor 336 performs 
data collection (for example, sampling of the voice) and processing of the 
collected data (for example, voice data compression). The data that has been 
collected and processed is transmitted once a grant arrives. In the example cable 
modem 108, only one VoIP processor 336 is shown for clarity. In general, the 
number VoIP processors 336 used can vary depending on the configuration of the 
cable modem 108. 

[0043] In an embodiment of the present invention, cable modem 108 is further 

provided with a serial packet sync encoder 338. The serial packet sync encoder 
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338 is used to generate a serial packet sync datastream (SPS_DATA) which 
indicates to the VoIP processor 336 that a grant has arrived. An exemplary serial 
packet sync datastream is illustrated in FIG. 4. 

Referring to FIG. 4, in an embodiment, serial packet sync datastream 402 
is a bit sequence comprised of a preamble 404 and a packet sync vector 406. The 
number of bits used to represent the serial packet sync datastream 402 is selected 
such that the preamble 404 can be a unique bit-stream pattern. In an embodiment, 
the preamble 404 is a multi-bit signal that can be asserted when an event, such as 
a grant arrival, has occurred. An additional number of bits are used to trail the 
preamble and represent the packet sync vector 406. The packet sync vector 406 
is a multi-bit signal which indicates a particular service flow or queue for which 
the bandwidth grant has been received. In an embodiment, the serial packet sync 
datastream 402 is a 12-bit shift sequence. In this embodiment, 8-bits are used to 
represent the preamble 404 and the trailing 4-bits represent the packet sync vector 
406. In the embodiment shown in FIG. 4, preamble 404 is given as "1 1 1 1 1 101 
Based on the teachings disclosed herein, a person skilled in the relevant arts will 
recognize that other bit sequence lengths and encodings can be used without 
departing from the spirit and scope of the present invention. 
| FIG. 5 is a schematic block diagram of a serial packet sync encoder 338 

in accordance with embodiments of the present invention. Serial packet sync 
encoder 338 is responsible for encoding the serial packet sync datastream 402. 
Serial packet sync encoder 338 is comprised of a serial packet sync transmitter 
502 and serial packet sync encoder logic 508. In an embodiment, serial packet 
sync transmitter 502 is implemented in the form of a shift register. In this way, 
the serial packet sync datastream 402 can be synchronously fed in and out of the 
serial packet sync transmitter 502. When a grant is issued, the MAC 314 issues 
a packet sync strobe (FIG. 3) and packet sync vector 406. The packet sync strobe 
is a signal used to validate data or other signals, such as the packet sync vector 
406, for example. In response, the packet sync vector 406 is latched into the 
serial packet sync transmitter 502. 



-13- 



[0046] The techniques or methods implemented by serial packet sync encoder 

338 can be executed as hardware and/or software routines. In an embodiment, 
software routines can be executed, in part, by a serial packet sync encoder logic 
device 508. For example, with reference to the example implementation of cable 
modem 1 08 described in reference to FIG. 3 , serial packet sync encoder logic 508 
can be configured to control the operation of 338 by executing software functions 
with the assistance of CPU 320. 
[0047] As discussed above with reference to FIG. 3, the cable modem 108 

interfaces with the voice over Internet Protocol (VoIP) processor 336. VoIP 
processor 336 performs data collection (for example, sampling of the voice) and 
processing of the collected data (for example, voice data compression). An 
exemplary VoIP processor will now be described with reference to FIG. 3. 
[0048] Referring back to FIG. 3, in an embodiment, VoIP processor 336 is 

comprised of a serial packet sync decoder 342 and a digital signal processor 340. 
The serial packet sync decoder 342 is responsible for decoding the serial packet 
sync datastream 402. The serial packet sync decoder 642 is further described 
with reference to FIG. 6. 
[0049] As shown in FIG. 6, in an embodiment, serial packet sync decoder 342 is 

comprised of a serial packet sync receiver 602, preamble comparator 604, holding 
register 606, and serial packet sync decoder logic 608. In an embodiment, serial 
packet sync receiver 602 is implemented in the form of a shift register. In this 
way, the serial packet sync datastream 402 can be synchronously fed in and out 
of the serial packet sync receiver 502. Preamble comparator 604 is used to 
compare the bits of the serial packet sync datastream 402 with the unique 
preamble to determine when a match occurs. In an embodiment, pattern 
recognition is used to determine when the sequence of bits in the serial packet 
sync datastream 402 match the sequence of bits that are preselected as the 
preamble. Once a preamble match is detected, the packet sync vector 406 is 
latched into a holding register 606. 
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[0050] The techniques or methods implemented by serial packet sync decoder 

342 can be executed as hardware and/or software routines. In an embodiment, 
software routines can be executed, in part, by a serial packet sync decoder logic 
device 608. For example, with reference to the example implementation of cable 
modem 108 described in reference to FIG. 3, serial packet sync decoder logic 608 
can be configured to control the operation of serial packet sync decoder 342 by 
executing software functions with the assistance of CPU 320. 
[0051] FIG.7 depicts a flowchart 700 of a method for supporting serial packet 

synchronization in a voice processing system in accordance with embodiments 
of the present invention. The invention, however, is not limited to the description 
provided by the flowchart 700. Rather, it will be apparent to persons skilled in 
the relevant art(s) from the teachings provided herein that other functional flows 
are within the scope and spirit of the present invention. The flowchart 700 will 
be described with continued reference to the example CMTS 104 and cable 
modem 108 of the cable modem system 100, as well as in reference to the 
example hardware implementation of the cable modem 108 of FIG. 3. 
[0052] To facilitate upstream communication, cable modems 108 are assigned 

specific time slots within which each can transmit data. These time slots are 
referred to as "grants" because the CMTS 104 is granting a particular cable 
modem 108 permission to use a specific period of time in the upstream. Thus, 
in a step 705, cable modem 108 is placed in a wait state until a grant arrives. 
During the wait state, a serial packet sync datastream is fed into the serial packet 
sync transmitter 502 of serial packet sync encoder 338. In an embodiment, the 
serial packet sync datastream is a non-unique pattern such as a series of all ones 
(1). The serial packet sync datastream is then provided to the VoIP processor 
336. 

[0053] In accordance with an embodiment of the present invention, when the 

serial packet sync datastream is provided to the VoIP processor 336, it is 
synchronized to a VoIP clock signal. In this way, the circuit design complexity 
and transmission latency of MAC 314 and VoIP processor 336 can be minimized. 
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In a VoIP capable cable modem system, such as cable modem system 100, the 
VoIP processing hardware and software (e.g., VoIP processor 336) must be 
synchronized to a clock that is generated by a cable modem termination system, 
such as CMTS 104. This clock information is passed down to a cable modem 
(e.g., cable modem 108) in the form of synchronization messages or a 
synchronous downstream clock. The clock information is then recovered by the 
DOCSIS MAC 314 and Phy logic (not shown) in the cable modem 108 and is 
used to drive the VoIP processor 336. FIG. 9 illustrates an exemplary VoIP clock 
signal. 

[00541 Continuing with the description of flowchart 700, in response to receiving 

a grant, in a step 710, MAC 314 issues a packet sync strobe (FIG. 3) and packet 
sync vector 406. 

[0055] In a step 715, the packet sync vector 406 is latched into the serial packet 

sync transmitter 502. 

[0056] In a step 720, the preamble 404 is loaded into the serial packet sync 

transmitter 502. In an embodiment, the preamble is a preselected unique bit 
sequence. In this way pattern recognition can be used on the receiving end to 
verify the preamble. 

[0057] Once the preamble 404 and packet sync vector 406 have been fed into the 

serial packet sync transmitter 502, the serial packet sync datastream is shifted out 
to the VoIP processor 336. (Step 725). In an embodiment, the serial packet sync 
datastream is shifted out synchronously with the VoIP clock. Because the serial 
packet sync datastream is shifted out synchronously, only a single pin is needed 
to pass the datastream. In this way the number of pins needed to communicate 
the arrival of a grant is reduced. Alternative embodiments could be used for 
synchronization, such as but not limited to, embedding the VoIP clock into data 
using manchester encoding. 

[0058] The arrival of the grant signal at the cable modem 108 indicates that it is 

time for the cable modem 1 08 to send its data. Therefore, when the grant arrives, 
the data must be ready for transmission. As previously described, VoIP processor 
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336 is responsible for handling the preparation of voice data. The digital signal 
processor 340 of VoIP processor 336, plays a key role in this process. The 
operation of the digital signal processor 340 is outside of the scope of the present 
invention and would be apparent to a person skilled in the relevant arts. Briefly 
stated, however, the digital signal processor 340 supports the VoIP processor's 
job of performing data collection (for example, sampling of the voice) and 
processing of the collected data (for example, voice data compression). In an 
embodiment of the present invention, the serial packet sync decoder 342 is used 
to communicate the arrival of a grant to the VoIP processor 336. An exemplary 
method for communicating the grant indication will now be explained with 
reference to FIG. 8. 

[0059] FIG. 8 depicts a flowchart 800 of a method for supporting serial packet 

synchronization in a voice processing system in accordance with embodiments 
of the present invention. The invention, however, is not limited to the description 
provided by the flowchart 800. Rather, it will be apparent to persons skilled in 
the relevant art(s) from the teachings provided herein that other functional flows 
are within the scope and spirit of the present invention. The flowchart 800 will 
be described with continued reference to the example CMTS 104 and cable 
modem 108 of the cable modem system 100, as well as in reference to the 
example hardware implementation of the cable modem 108 of FIG. 3. 

[0060] In a step 805, a serial packet sync datastream is received by the serial 

packet sync decoder 342. In an embodiment, the serial packet sync receiver 602 
is used to synchronously receive the serial packet sync datastream Because the 
serial packet sync datastream is received synchronously, only a single pin is 
needed to receive the datastream. In this way the number of pins needed by VoIP 
processor 336 to receive indication of the grants arrival is reduced. 

[0061] Next, in a step 810, the serial packet sync datastream is shifted out of the 

serial packet sync receiver 602 and passed to the preamble comparator 604. 

[0062] In a step 8 1 5, the preamble comparator 604 is used to compare the serial 

packet sync datastream to the preselected preamble to determine if there is a 
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match. In an embodiment, pattern recognition is used to compare the serial 
packet sync datastream and the preselected preamble. In the case where the serial 
packet sync datastream is a non-unique bit sequence, processing would return to 
step 805. Once the series of bits in the serial packet sync datastream match the 
preamble, control passes to step 820. 

[0063] In response to detecting the preamble, in a step 820, the packet sync 

vector 406 is latched into the holding register 606. In an embodiment, the packet 
sync vector 406 is identified as the bits trailing the preamble bit sequence in the 
serial packet sync datastream. 

[0064] The receipt of the preamble serves as indication that a grant has arrived. 

Thus, in a step 825, an interrupt is issued to the digital signal processor 340. In 
response, the digital signal processor 340, handling data for the service flow 
indicated by the packet sync vector held in the holding register, can adjust the 
timing of its packet processing accordingly. This timing adjustment can therefore 
enable the delivery of voice packets for transmission with minimal latency. In the 
case where the cable modem system 100 is comprised of more than one VoIP 
processor 336, only the digital signal processor 340 associated with the packet 
sync vector 406 would be interrupted. 

D. Conclusion 

[0065] Various embodiments of the present invention have been described 

above. It should be understood that these embodiments have been presented 
by way of example only, and not limitation. It will be understood by those 
skilled in the relevant arts that various changes in form and details of the 
embodiments described above can be made without departing from the spirit 
and scope of the present invention as defined in the claims. Thus, the breadth 
and scope of the present invention should not be limited by any of the above- 
described exemplary embodiments, but should be defined only in accordance 
with the following claims and their equivalents. 



